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(54) Storage of materials. 

(57) Materials which are not themselves storage-stable at room temperature are made suitable for storage 
by mixing them with a earner substance and spray drying the resulting mixture so as to form particles 
containing both the material and the carrier substance in which the carrier substance is in an 
amorphous, i.e. glassy or rubbery, state. Formation of such a composition greatly enhances stability. 
The material stored may be a biological material such as an enzyme, the components of a chemical 
reaction such as reagents for carrying out an assay, or even viable biological ceils. 
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This invention relates to the stabilisation and storage of materials. The principal envisaged field of appli- 
cation is materials employed in the biochemical field and some pharmaceuticals. 

Afew biologically active materials (e.g. some proteins) are sufficiently stable that they can be isolated, puri- 
fied and then stored in solution at room temperature. For most materials however this is not possible and some 
5 more elaborate form of stabilisation/storage procedure must be used. 

As discussed in our co-pending European application published as EP-A-383569 a number of storage tech- 
niques are known but are not universally applicable to materials which give rise to a storage problem. 

That pending application discloses the storage of materials by incorporating them into a water-soluble or 
water-sweliable substance which is in an amorphous, glassy or (much less preferably) rubbery state. 
10 That application discloses the preparation of storable compositions by preparing a solution of the sub- 

stance^) to be stored and a water-soluble or swellable substance, then evaporating water from the solution 
at room temperature or with some heating. Temperatures of 37°C and 60°C are exemplified. The solutions were 
simply held in a stationary container during drying. 

It is of course considered prudent to minimise the application of heat when drying a material which is not 
15 particularly stable. Freeze drying is a prime example of this. 

Spray drying is a known process for drying a solution or suspension to a solid, particulate form. The process 
entails delivering the solution or suspension into a flow of preheated gas, usually air, whereupon water rapidly 
evaporates from the droplets. It is widely used in the manufacture of detergent powders and in that field it is 
well known that certain materials are not stable to spray-drying conditions. 
20 Spray drying has been used to kill microbial cells, for instance in dairy products as disclosed by A. Chopin 

etal, Can J. Microbiol 23, 716 (1977). EP-A-366303 discloses the use of spray drying to dry a cell composition 
with the intention that the cells will be killed but cell components such as enzymes will be recoverable from the 
dried composition. Spray drying has been used in attempts to dry microbial cells to a state of suspended ani- 
mation from which viable cells can be recovered, but even in a relatively favourable case losses of 97% were 
25 recorded after 30 days storage at room temperature as disclosed by I.A. Abd el Gawad et al Egyptian Journal 
of Dairy Science, 17 273 (1989). 

Surprisingly, we have now found that spray drying can be used to make storable compositions by drying 
mixtures of the material(s) to be stored and aqueous solutions of a water-soluble or water-swellable substance 
which forms a glassy (or possibly rubbery) state on drying. 
30 According to this invention, therefore, we provide a process of rendering a material suitable for storage 

comprising spraying into a hot gas stream, an aqueous mixture of the material and a carrier substance which 
is water-soluble or water-swellable, thereby drying the mixture to particles in which the said carrier substance 
is in a glassy or rubbery state, and separating the particles from the gas stream. 

This process is of course also a process for preparing a storable composition. 
35 The aqueous mixture of the material for storage and the carrier substance will generally be formed by mix- 

ing the material with the carrier substance in the presence of water. However, it is possible that the material to 
be stored will be provided as a solution which already contains a substance which is able to form a glass and 
so is suitable as a carrier substance, so that deliberate addition of a carrier substance is unnecessary. 

As will be explained in more detail below it is preferred that the composition produced by the drying pro- 
40 cedure displays a glass transition temperature of at least 20°C, preferably at least 30°C and possibly well above 
this e.g. at least 50°C. 

The invention may be utilised for stable storage of a single material, or for a mixture of materials which 
have little or no effect on each other. 

However, a further possibility is that the invention is used to produce a composition which contains a plur- 
45 ality of materials which (when in contact with water) form part or all of a reacting system. These materials may 
be fairly simple chemicals. 

Yet another possibility is that the material comprises viable biological cells. 

Material Stored (i) inanimate materials 

50 

The material(s) stabilised forstorage may potentially be any of a wide range of materials which are ordinarily 
liable to undergo chemical reaction, and so are not stable during storage at ambient temperature of 20°C. 

One category of materials to which the invention is applicable is proteins and peptides, including derivatives 
thereof such as glycoproteins. Such proteins and peptides may be any of: enzymes, transport proteins, e.g. 
55 haemoglobin, immunoglobulins, hormones, blood clotting factors, other blood plasma components and phar- 
macologically active proteins or peptides. 

Another category of materials to which the invention is applicable comprises nucleosides, nucleotides, di- 
nucleotides, oligonucleotides (say containing up to four nucleotides) and also enzyme cofactors, whether or 
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not these are nucleotides. Enzyme substrates in general are materials to which the invention may be applied. 

The material for stabilisation and storage may be isolated from a natural source, animal, plant, fungal or 
bacterial, may be produced by and isolated from cells grown by fermentation in artificial culture, or may be 
produced by chemical synthesis. Such cells may or may not be genetically transformed cells. 
5 The material will need to be soluble in aqueous solution, at least to the extent of forming a dilute solution 

which can be used for incorporation into the carrier substance. 

As mentioned above, a possibility is to store more than one component of a reacting system in a glass. 
This can be useful for materials which will be required to be used together in, for example, an assay or a diag- 
nostic kit. 

10 Storing the materials as a single glassy preparation provides them in a convenient form for eventual use. 

For instance, if an assay requires a combination of one or more substrates, and/or a cofactor and an enzyme, 
two or all three could be stored in a glass in the required concentration ratio and be ready for use in the assay. 

If multiple materials are stored, they may be mixed together in an aqueous solution and then incorporated 
together into a glass. Alternatively they may be incorporated individually into separate glasses which are then 

15 mixed together. 

When multiple materials are stored as a single composition (which may be two glasses mixed together) 
one or more of the materials may be a protein, peptide, nucleoside, nucleotide or enzyme cofactor. It is also 
possible that the materials may be simpler species. For instance a standard assay procedure may require pyr- 
uvate and NADH to be present together. Both can be stored alone with acceptable stability. However, when 
20 brought together in aqueous solution they begin to react. If put together in required proportions in the glassy 
state they do not react and the glass can be stored. 

Material to be Stored (ii) cells 

25 In a significant development of this invention we have found that the material which is stored may comprise 

viable biological cells. The composition obtained by spray drying can then contain the cells in a state of sus- 
pended animation, and viable cells can be recovered from storage. Cells which may be placed in a storable 
condition by the method of the invention will preferably be existing as single cells, being either a single cell 
organism or being cells which are in culture as individual, undifferentiated cells. In particular the ceils may be 

30 a bacterial culture, which may be isolated from nature or may be a laboratory or industrial bacterial strain in- 
cluding genetically transformed bacteria. The cells may be eukaryotic cells, notably including yeasts but also 
other fungal cultures. Again the cell culture may be a natural isolate or a laboratory or industrial culture produced 
by fermentation including genetically transformed strains. 

35 The Carrier Substance 

A glass is defined as an undercooled liquid with a very high viscosity, that is to say at least 10 13 Pa.s, prob- 
ably 10 14 Pa.s or more. 

Normally a glass presents the appearance of a homogeneous, transparent, brittle solid which can be 
40 ground or milled to a powder. In a glass, diffusive processes take place at extremely low rates, such as microns 
per year. Chemical or biochemical changes involving more than one reacting moiety are practically inhibited. 

Above a temperature known as the glass transition temperature T g , the viscosity drops rapidly and the glass 
turns into a rubber, then into a deformable plastic which at even higher temperatures turns into a fluid. 

The carrier substance employed in this invention must be hydrophilic - either water-soluble or water-swel- 
45 lable - so that water will act as a plasticiser. Many hydrophilic materials, both of a monomeric and a polymeric 
nature either exist in an amorphous state or can be converted into such an amorphous state which exhibit the 
glass/rubber transitions characteristic of amorphous macromolecules. They have well defined glass transition 
temperatures T g which depend on the molecular weight and on molecular complexity of the substance con- 
cerned. T g is depressed by the addition of diluents. Water is the universal plasticiser for all such hydrophilic 
so materials. Therefore, the glass/rubber transition temperature is adjustable by the addition of water or an aqu- 
eous solution. 

It will generally be preferred to employ a carrier substance which, on its own, forms a glass rather than a 
rubber at ambient temperature. Hence it will be preferable that the carrier substance, on its own, is able to exist 
in a glassy amorphous state with a glass transition temperature T g above 20°C. 
55 Mixtures of substances may be used as carrier substance if the components aremiscible as a solid solution. 

If so, material(s) of lower T g serve as plasticiser(s) for material(s) of higher T g , 

A composition prepared by a process of this invention will generally have a glass transition temperature 
T g below that of the pure carrier substance. 
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If the dried composition is stored in the glassy state (below T g ) the deterioration of the active material is 
retarded to the extent that, on practical time-scales, even substances which in solution are extremely labile are 
found to possess long shelf-lives. 

Full biochemical activity is maintained, but locked in, throughout this period at temperatures below T g and 
5 can be rapidly released by resolubilization of the glass in an aqueous medium. 

If the material to be stored is inanimate, then in order to provide a long storage life, it will generally be de- 
sirable that the dried composition has a glass transition temperature of at least 20°C. For achieving this it is 
desirable that the glass-forming carrier substance, when anhydrous or nearly so, displays a glass transition 
temperature T g of at least 40°C, better at least 50°C. There is no theoretical upper limit on T g . In practice suitable 
w materials have values of T g below 250°C, usually below 200°C. A desirable range is therefore 50° to 200°C, 
preferably 60° or 80°C to 1 50° or 180°C. 

If the material to be stored comprises biological cells, the composition containing the cells may well be in 
an amorphous rubbery state. Thus a composition obtained by the method of the invention and comprising bio- 
logical cells may have a glass transition temperature T g below 20°C for instance in the range between 0°C and 
15 20°C even though its carrier substance has a glass transition temperature above 20°C. Such compositions 
could readily be stored with refrigeration to approximately 0°C so as to be stored in the glassy rather than rub- 
bery state. 

If T g of the final composition made according to the invention is sufficiently high, storage can be at room 
temperature. However, if T g of the composition is close to or below room temperature it may be necessary or 
20 desirable to refrigerate the composition if storage is for a prolonged period. This is less convenient but still is 
more economical than freeze-drying. 

If a composition is heated above its T g during storage, it will change to its rubbery state. Even in this con- 
dition stored materials are stable for a considerable period of time. Consequently, it may well do no harm if the 
temperature of a stored composition is allowed to rise above T g for a limited time, such as during transportation. 
25 If a composition is maintained slightly above its T g (and therefore in a rubbery condition) the storage life 

will be limited but still considerable and the benefit of the invention will be obtained to a reduced extent. 

Conversely, if T g of the composition is well above room temperature, the composition is better able to with- 
stand storage at an elevated temperature, e.g. in a hot climate. 

The carrier substance should be sufficiently chemically inert towards an inanimate material which is to be 
30 incorporated in it. An absolute absence of chemical reactivity may not be essential, as long as it is possible to 
incorporate the material, store the glass, and recover the material without serious degradation through chemical 
reaction. 

If the material to be stored comprises biological cells, the carrier substance should not be toxic to these 
cells. Indeed the carrier substance may be a nutrient for the cells and able to support cell division so long as 
35 the drying operation is carried out at sufficient rapidity that the carrier substance is not consumed by the cells. 

As mentioned above, the carrier substance, which very preferably forms a glass, may be deliberately add- 
ed to form the mixture which is spray dried. For instance it may be added to a solution of the material to be 
stored. 

Many organic substances and mixtures of substances will form a glassy state on cooling from a melt. 

40 in this context carbohydrates are an important group of glass forming substances: thus candy is a glassy 

form of sugar (glucose or sucrose). The T g for glucose, maltose and maltotriose are respectively 31 , 43 and 
76°C. (L. Slade and H. Levine, Non-equilibrium behaviour of small carbohydrate-water systems, Pure Appl. 
Chem. 60 1841 (1988)). Water depresses T g and for these carbohydrates the depression of T g by small amounts 
of moisture is approximately 6°C for each percent of moisture added. We have determined the T g value for su- 

45 crose as 65°C. 

In addition to straightforward carbohydrates, other poly hydroxy compounds can be used, such as carbo- 
hydrate derivatives and chemically modified carbohydrates (i.e. carbohydrates which have undergone chemical 
reaction to alter substituents on the carbon backbone of the molecule but without alteration of that backbone). 

Another important class of glass forming substances are water-soluble or water-swellable synthetic poly- 
so mers, such as polyacrylamide. 

Yet another class of substances which are suitable are proteins and protein hydrolysates. Thus albumin 
can be used, and so can hydrolysis products of gelatin. 

A group of glass forming substances which may in particular be employed are sugar copolymers described 
in US Patent 3 300 474 and sold by Pharmacia under the Registered Trade Mark "Ficoll". This US patent de- 
55 scribes the materials as having molecular weight 5,000 to 1,000,000 and containing sucrose residues linked 
through ether bridges to bifunctional groups. Such groups may be alkylene of 2, 3 or more carbon atoms but 
not normally more than 10 carbon atoms. The bifunctional groups serve to connect sugar residues together. 
These polymers may for example be made by reaction of the sugar with a halohydrin or a bis-epoxy compound. 
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The suitability of an intended carrier substance, and the amount of material which can be incorporated into 
it can both be checked by preparing a glassy or rubbery composition with the material incorporated, and then 
recovering the material without any substantial period of storage. 

T g values can be determined with a differential scanning calorimeter and can be detected as a point at 
which a plot of heat input against temperature passes through an inflection point - giving a maximum of the 
first temperature derivative. 

As was also mentioned above, a further possibility is that the material which is to be stored may occur in 
a form which incorporates a suitable carrier substance. It is envisaged in particular that this situation may arise 
with products derived from blood plasma where the material to be stored is a relatively minor component of the 
blood plasma and other components which naturally occur in the blood plasma, notably albumin, are able to 
form a glass on drying. In such a situation there would be no need for separate addition of a glass-forming 
carrier substance although the possibility is not ruled out. 

Processing 

The first stage is to provide an aqueous mixture of the material to be stored and the water-soluble or water- 
swellable carrier substance. This may be done by mixing the carrier substance, as a powder or as an aqueous 
solution, with a solution or suspension of the active material to be stored. Alternatively a suitable solution may 
be available from some other process, without requiring deliberate addition of glass-forming carrier, as men- 
tioned above. 

When the invention is applied to the storage of cells, a possibility which has been found suitable for some 
cells is to suspend the cells in a dilute aqueous solution containing the carrier substance and then subject this 
to the drying step. To arrive at the suspension, solid carrier material may be dissolved in a suspension of the 
cells in a dilute aqueous buffer solution. This can lead to a composition with a glass transition temperature 
above ambient and temperature having very good storage stability. 

For some cells, it has been found that survival during drying is better if the cells are dried from a mixture 
which is rather closer to their normal growth medium. This may for example be carried out by adding carrier 
substance to an aqueous culture of the cells in their growth medium and drying the resulting mixture. Many 
bacteriological growth media have a relatively high electrolyte content and this electrolyte or other components 
is effective to lower the glass transition temperature of the dried product. If this procedure is followed the com- 
position is likely to have a glass transition temperature below ambient temperature making it desirable to store 
the composition under refrigeration. In this situation the need for refrigerated storage is accepted for the sake 
of greater survival of cells during the drying operation. 

In order to determine whether any cell species can be dried from a simple aqueous suspension or whether 
it should be dried from something akin to its growth medium, a test can be made by drying some cells by each 
procedure, then recovering the cells without storing for any substantial period of time and determining the quan- 
tity of cells which have survived. 

After arriving at a mixture containing the material to be stored and a carrier substance the next step is a 
spray drying operation in which the above aqueous mixture is sprayed into a hot gas stream. The gas will gen- 
erally be air but could be some other gas such as nitrogen. 

Apparatus to carry out spray drying on a fairly small scale is available from various manufacturers. One 
is Drytec Ltd, Tonbridge, Kent who manufacture a pilot plant scale dryer. Another manufacturer is Lab-Plant 
Ltd of Longwood, Huddersf ield, England who manufacture a laboratory scale dryer. 

Process plant to carry out spray drying on a larger scale is also well known. 

The sole drawing is a diagrammatic illustration of laboratory scale spray-drying apparatus. 

In this apparatus air from the atmosphere is drawn in by a blower 10 and passes over an electric heater 
12 after which the air passes down a main chamber 1 6. The aqueous mixture to be sprayed is drawn up from 
a supply vessel 18 by means of a peristaltic metering pump 20 and delivered to a spray nozzle 22 which dis- 
charges the aqueous mixture as a fine spray into the stream of hot air coming from the heater 12. 

The droplets of spray are dried to solid powder form as they pass down within the main chamber 16. The 
powder is entrained in the air which has passed down the main chamber 16. This leaves by an exit tube 26 at 
one side delivering to a cyclone separator 28 which serves to remove entrained solid particles from the air 
stream. The solid particles which are separated from the air stream in this way are collected as the product in 
a detachable vessel 30 while the air passes out to atmosphere through an exhaust tube 32. Solids which stick 
to the wall of the main chamber fall into waste container 24. 

A significant parameter in the operation of any spray drying apparatus is the temperature of the gas stream 
which is admitted to the main chamber and into which the spray is delivered. For the present invention this inlet 
temperature of the gas stream will generally exceed 80°C, will usually exceed 90°C and may well lie in a range 
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from 100 to 250/300°C. 

The aqueous mixture which is delivered into the gas stream may typically contain from 10 up to 50 or even 
250 grams per litre of the carrier substance. The content of material to be stored can vary widely but will often 
lie within a broad range from 10~ 3 % to 10% by weight of the carrier substance. Much lower levels are possible. 

5 A substance whose desired activity is present when very dilute might be stored at a concentration as low as 
10- 5 % by weight of the dried composition. By contrast storage at a concentration of stored material of up to 
50% by weight or even more can also be envisaged. 

In many instances the carrier substance will form at least 20%, better at least 25% or 30% by weight of 
the particulate composition formed by drying and usually at least 50% by weight of that particulate composition. 

w The particulate solid compositions produced by discharging an aqueous mixture into a heated gas stream 

in accordance with the invention will frequently be sufficiently dry for storage without further processing. How- 
ever it is within the scope of the invention to subject these compositions to further drying such as by subjecting 
them to sub-atmospheric pressure possibly accompanied by moderate heating so as to reduce any residual 
moisture content. 

15 When the material to be stored comprises biological cells the moisture content of a composition produced 

by a method of the invention would typically be in the range 3 to 9% by weight. A low moisture content enhances 
stability. 

The suitability of conditions for preparing a storable composition can be checked by carrying out the prep- 
aration but recovering the material without any substantial period of storage and determining the proportion 
20 which has survived. As mentioned above storage stability can if desired be tested by storage at a temperature 
above ambient, although not above the T g value of the glass. 

Recovery from storage 

25 Recovery of stored material from a composition produced by drying in accordance with this invention can 

be effected by simply adding water or aqueous solution to a quantity of the composition with the active material 
therein. If the carrier substance is water-soluble the result is a solution of the material and the carrier substance. 

Separation by chromatography to isolate a stored, active, inanimate material from the carrier substance 
is possible. However, in general it will be neither desirable nor necessary. Instead the carrier substance is chos- 
30 en so that it will not interfere with the use (e.g. an assay) of the stored, active material. 

In the case of a water-swellable carrier substance, it will remain out of solution, perhaps as a gel, and the 
solution of the material can be separated by centrifugation if required. 

A further aspect of this invention is use of a composition prepared according to the invention to provide a 
solution of the stored material, by addition of water or aqueous solution to the composition. The application to 
35 which the solution of recovered material is put may or may not be a therapeutic application. 

Example 1 

The active material to be placed in a storable form was lactate dehydrogenase (LDH) type XI (ex rabbit 
40 muscle) from Sigma Chemical Co. The glass forming carrier substance employed was Ficoll 400 DL (Pharma- 
cia, Reg. Trade Mark) which is a copolymer of sucrose and epichlorohydrin. It is water-soluble and has a T g of 
97°C. 

8 g of Ficoll was added to 200 ml of 0.01 M phosphate buffer pH 7 and stirred at ambient temperature until 
a clear solution was obtained. This solution was then cooled to, and stored at, 4°C until use. All solutions were 
45 used within 72 hr. To 200 ml of the phosphate buffer/Ficoll solution (at 4°C) 10 mg of LDH was added. The 
resulting solution was then passed through a spray-drier (Drytec, pilot scale drier) to give a dry powder con- 
taining 1.25 mg LDH/g powder. An air inlet temperature of 210°C (at the air inlet to the drying chamber) was 
employed; this produced an air temperature of 70°C at the entry to the cyclone separator. 

The dried material was a particulate solid. This was divided into 2 g portions and placed into vials. The 
so vials were sealed under a normal atmosphere and stored at ambient temperature (fluctuating between 10 and 
35°C). Portions of powder were periodically removed and the vials resealed. Assays were performed following 
drying, and periodically thereafter. An assay of the solution prior to drying was used as the control. 

The actual enzyme activity was determined by the following procedure (Hatley, Franks and Mathias, Proc- 
ess Biochemistry, December 1987 page 170) and based on a minimum of nine replicates. The powder was 
55 dissolved in phosphate buffer to give a test solution calculated to contain 1 \xg protein per ml (for the control 
sample a portion of the solution to be dried was taken and diluted to 1 u,g per ml). 

Activity of the test solution was then measured: 2.7 ml of 0.01 phosphate buffer pH 7, 0.1 ml of 2mg/ml 
NADH and 0.1 ml of 10 mM pyruvate were placed into a cuvette of light path 10 mm. The cuvette was capped 
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and shaken. 0.1 ml of the test solution was added and the cuvette again capped and shaken. The absorbance 
at 340 nm was recorded at 30 s intervals for a total of three minutes. The temperature of the solution was also 
noted. The absorbance change per minute, SA, was calculated. The enzyme activity was then calculated as 
follows: 

5 LDH activity (units/mg) = l A * TC l F 

6.25 x C 

where: 

5A = ~the absorbance change per minute 
6.25 = a correction factor for the molar absorbance of NADH. 
w TCF = a temperature correction factor applied to all assays performed at temperatures other than 25°C 
C = the concentration of protein in mg/ml 

The control (unprocessed) solution had an activity of 322 U/mg protein. This was taken as 100% and all 
subsequent assays quoted relative to this value. Enzyme activities were: 



15 



20 



Before Storage period after drying (days) 
Drying 

0 12 33 91 138 

100% 82% 83% 86% 71% 100% 



Product T g was determined throughout the storage period. The value decreased from 79°C to 64°C as mois- 
ture entered the product as it was repeatedly opened and resealed. However, throughout the experiment the 
25 product remained in the form of a glass at the storage temperature. 

The results show that enzyme activity was effectively preserved intact through the spray drying procedure 
and subsequent storage. 

Example 2 

30 

Example 1 was repeated with an air inlet temperature of 130°C. This produced an air temperature of 60°C 
at the entry to the cyclone separator. After 138 days storage, enzyme activity was 112% of the control value. 

Example 3 Sv . 

35 

Example 1 was repeated with two variations. 50 mg of 

LDH was added to 200 ml of the phosphate buffer/Ficoll solution (at 4°C). Spray drying gave a dry powder 
containing 6.25 mg LDH/g powder. Air inlet temperature was 1 50°C. This produced an air temperature of 70°C 
at the entry to the cyclone separator. 
40 After 1 38 days storage enzyme activity was 117% of the control value. 

Example 4 

The active material was alcohol oxidase from Provesta Enzymes. The glass forming substance employed 

45 was Ficoll 400 DL (Pharmacia, Reg. Trade Mark) as used in Example 1. 

8 g of Ficoll was added to 200 ml of 0.1 M phosphate buffer pH 7.5 and stirred at ambient temperature 
until a clear solution was obtained. This solution was then cooled to, and stored at, 4°C until use. All solutions 
were used within 72 hr. 1 00 jag (1 00 units) of alcohol oxidase was added to 200 ml of the phosphate buffer/Ficoll 
solution (at 4°C). The resulting solution was then passed through a spray-drier (Drytec pilot scale drier) to give 

so a dry powder calculated to contain 0.0125 U alcohol oxidase/g powder. An air inlet temperature of 150°C was 
employed; this produced an air temperature of 70°C at the entry to the cyclone separator. 

The dried material was divided into 2 g portions and placed into vials. The vials were sealed under a normal 
atmosphere and stored at ambient temperature (fluctuating between 10 and 35°C). Portions of powder were 
periodically removed and the vials resealed. Assays were performed prior to drying and following drying. 

55 As a comparison freeze-dried samples were prepared using principles described in the literature, (F Franks. 

Cryo-Letters 11, 93-110). 300 mg of Ficoll was dissolved in 20 ml of 0.1 M phosphate buffer pH 7. 1000 units 
of alcohol oxidase was added to the solution. The solution was divided into 0.2 ml portions in ten 5 ml viais. 
These were frozen to -30°C in a small laboratory freeze-drier. A vacuum of 1 x 10 _1 mbar was applied and the 
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samples dried for 24 hr. The vacuum was reduced to its minimum setting of 5 x 10 2 mbar and the temperature 
raised at 5°C/hr to 30°C. After holding the sample at this temperature for two hours the vials were removed 
and sealed with Bakelite screw-caps. Each vial was calculated to contain 1 unit of enzyme, assuming no activity 
had been lost during processing. Enzyme activity was assayed before and after freeze drying. 
5 As a further comparison, samples of solution similar to those which were freeze dried, were dried in sta- 

tionary vials, as described in our published European application EP-A-383569. Enzyme activity was assayed 
before and after drying. 

Assays of enzyme activity were performed as follows: Dried powder was dissolved in phosphate buffer to 
give a test solution calculated to be 0.1 U per ml (for the control sample a portion of the solution to be dried 
10 was taken and serially diluted to 0.1 U per ml). 

A stock solution was prepared containing: 
16 mg 2,2'-azino-di(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) 
2 ml absolute ethanol 

1 ml of 1 mg/ml horseradish peroxidase in distilled water All made up to 100 ml with 0.1 M potassium phosphate 
15 buffer, pH 7.5. 

Another stock solution was: 
0.1 M potassium phosphate buffer, pH 7.5. 

2.5 ml of the ABTS stock solution was pipetted into a 3 ml cuvette, 25 jal of the enzyme solution with an 
expected activity of 0.1 U alcohol oxidase per mt was added. The cuvette was closed and its contents mixed 
20 by inversion. The cuvette was placed in a spectrophotometer and the absorbance change over 3 min at 390 
nm recorded. 

The absorbance change per minute was determined and multiplied by 3.06 (the extinction coefficient plus 
the cuvette dilution factor) to give the concentration of enzyme in the solution. Activity retention was calculated 
by dividing the measured value by 0.1 (the expected activity in the solution) and multiplying by 100 to give a 
25 percentage. 

It was found that after drying the activity as a percentage of that before drying was: 
Freeze drying 35% 
Drying in stationary vial 38% 
Spray drying 52% 
30 Suppliers' catalogues show that commercial freeze drying of alcohol oxidase reduces activity to 25%. 

The spray dried and freeze dried alcohol oxidase were stored at 35°C and activity was assessed at inter- 
vals. The freeze dried material lost all activity in 20 days. After 30 days the spray dried material retained 90% 
of its activity assayed directly after spray drying. 

35 Example 5 

Example 1 was repeated, replacing Ficoll with Byco A which is a cold water soluble protein obtained from 
gelatin by enzymic hydrolysis. It has a T g value of 1 26°C. Byco A is available from Croda Colloids Ltd, Widnes, 
Cheshire, England. 

40 As in Example 1 enzyme activity was measured both directly following drying and after a period of storage. 

The measured values of enzyme activity were 88% directly following drying and 113% after 103 days storage 
at ambient temperature. 

Example 6 

45 

As in Example 1 , the active material was lactate dehydrogenase (LDH) type XI and the glass forming sub- 
stance was Ficoll 400 DL. 

10 g of Ficoll was added to 100 ml of 0.01 M phosphate buffer pH 7 and stirred at ambient temperature 
until a clear solution was obtained. This solution was then cooled to, and stored at, 4°C until use. All solutions 
50 were used within 72 hr. 10 mg of LDH was added to 200 ml of the phosphate buffer/Ficoll solution (at 4°C). 
The solution was then passed through a spray-drier (Lab-Plant SD-04) to give a dry powder containing 1 mg 
LDH/g powder. An air inlet temperature of 1 70°C was employed; this produced an air outlet temperature of 75°C. 
The dried material was sealed in a collection bottle in a normal atmosphere. The samples were stored at am- 
bient temperature (fluctuating between 10 and 35°C). Portions of powder were periodically removed and as- 
55 says performed as for Example 1 . 
Enzyme activities were: 
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Storage period (days) 

Before 

Drying 0 61 

100% 91% 103% 

Example 7 

This example describes converting biological cells into a storable composition by a method embodying the in- 
vention and then recovering the cells after varying periods of time. 

The amount of aqueous solution used in recovery of cells was chosen such that, if there was survival of 
every cell, the concentration of cells in the recovered suspension would be the same as in the initial suspension 
before drying. The concentrations of viable cells in these suspensions, before drying and after recovery, were 
assayed by using a standard quantity of the suspension to make an agar plate. The plate is then incubated 
and the number of growing colonies was counted. 

5 g Ficoll 400 DL (Pharmacia, Reg Trade Mark) was dissolved in 1 00 ml growth medium. 5 ml Lactobacillus 
bulgaricus cells in growth medium were added to the Ficoll solution to give a cell suspension of approximately 
1 x 107 cells/ml. The suspension was then spray dried, using a laboratory scale spray drier, (Lab-Plant SD- 
04), with input temperature 190°C and output temperature 104°C, and collected as a dry powder. The powder 
was immediately dispensed into several small vials and the vials were capped and stored at 4°C. 

Viability testing: 

Before drying (control): 

0.5 ml cell suspension was transferred to a sterile tube containing 9.5 ml sterile growth medium. Serial dilutions 
were made in the manner of Miles and Misra. 1 ml cell suspension from an appropriate dilution was transferred 
to a 9 cm sterile petri dish and mixed with 10 ml molten growth medium at approximately 37°C. The agar plate 
was then allowed to set and incubated for 48 h at 35°C. The colony forming units were then counted. 
After drying: 

0.5 ml growth medium was added to 0.049 g dried powder (calculated weight of solids in 0.5 ml original cell 
suspension) and left to stand at room temperature for 30 min to ensure full rehydration. The assay was con- 
tinued as described above and the number of colony forming units was compared to the number found in the 
sample assayed before drying. 
Further dried samples were assayed at intervals. 

Results: 



Storage time Cfu's in 10 dilution % of 

control 

Before drying 1365 
( control ) 

Directly after 344 25 
drying 

2 weeks 345 25 

4 weeks 319 23 

Example 8 

5 g Dextrin 10 (maltodextrin, ex Fluka) was dissolved in 100 ml 10% skimmed milk solution. 5 ml Lactobacillus 
bulgaricus cells in growth medium were then added to the solution to give a cell suspension of approximately 
1 x 107 cells/ml. the suspension was then spray dried, using a laboratory scale spray drier, (Lab-Plant SD- 
04), with input temperature 160°C and output temperature 89°C, and collected as a dry powder. The powder 
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was immediately dispensed into several small vials and the vials were capped and stored at 4°C. 

Viability testing was carried out as in the previous Example. For testing after drying 0.5ml growth medium was 

added to 0.076g dried powder as the calculated weight of solids in 0.5ml of the original cell suspension. 

Results: 

- 5 

Storage time Cfu's in 10 dilution % of 

control 

Before drying 1321 
( control ) 

Directly after 543 41 

drying 

2 weeks 551 42 

4 weeks 392 30 

The moisture content of the spray dried powder was measured by a Karl Fischer coulometric method and 
found to be 5.2 %. 

Example 9 



5 g raffinose was dissolved in 100 ml growth medium. 5 ml Lactobacillus bulgaricus cells in growth medium 
were added to the solution to give a cell suspension of approximately 1 x 107 cells/ml. The suspension was 
then spray dried, using a laboratory scale spray drier, (Lab-Plant SD-04), with input temperature 190°C and 
output temperature 108°C, and collected as a dry powder. The powder was immediately dispensed into several 
30 small vials and the vials were capped and stored at 4°C. 
Viability testing was carried out as in Example 7. 

Results: 



Storage time Cfu's in 10 5 dilution % of 



control 



Before drying 1620 
40 (control) 

Directly after 127 8 

drying 



2 weeks 174 11 

4 weeks 176 11 

8 weeks 117 7 

Example 10 



5 g sodium glutamate was dissolved in 100 ml growth medium. 5 ml Lactobacillus bulgaricus cells in growth 
medium were added to the solution to give a cell suspension of approximately 1 x 107 cells/ml. The suspension 
55 was then spray dried, using a laboratory scale spray drier, (Lab-Plant SD-04), with input temperature 190°C 
and output temperature 114°C, and collected as a dry powder. The powder was immediately dispensed into 
several small vials and the vials were capped and stored at 4°C. 
Viability testing was carried out as in Example 7. 
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Results: 



Storage time 

Before drying 
( control ) 

Directly after 

2 weeks 

4 weeks 

8 weeks 



Claims 

1. A process of rendering a material suitable for storage comprising spraying into a hot gas stream an aqu- 
eous mixture of the said material and a carrier substance which is water-soluble or water-swellable, there- 
by drying the mixture to particles which contain the material and the carrier substance and in which the 
said carrier substance is in a glassy or rubbery state, and separating the particles from the gas stream. 

2. A process according to claim 1 wherein the carrier substance, when on its own, is able to exist in a glassy 
amorphous state with a glass transition temperature above 20°C. 

3. A process according to claim 1 or claim 2 wherein the composition produced by the drying procedure dis- 
plays a glass transition temperature of at least 20°C. 

4. A process according to claim 1 or claim 2 wherein the composition produced by the drying procedure dis- 
plays a glass transition temperature of at least 50°C. 

5. A process according to any one of claims 1 to 4 wherein the carrier substance forms at least 20% by weight 
of the particles formed by drying. 

6. A process according to any one of the preceding claims wherein the material which is rendered suitable 
for storage is selected from proteins, peptides, nucleosides, nucleotides, dinucleotides, oligonucleotides 
and enzyme cofactors. 

7. A process according to any one of claims 1 to 5 wherein the material to be stored comprises viable bio- 
logical cells. 

8. A process according to claim 8 wherein the aqueous mixture sprayed into the gas stream comprises a 
suspension of the cells in growth medium for the cells. 

9. A process according to any one of the preceding claims wherein the carrier substance is a polyhydroxy 
compound, preferably carbohydrate, protein, a protein hydrolysis product, or a sugar polymer containing 
sugar residues linked through ether bridges to Afunctional groups other than carbohydrate. 

10. A storable composition produced by the process of any one of the preceding claims. 



Cfu's in 10 dilution % of 

control 

1472 

515 35 

516 35 
534 36 
451 31 
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